The Pacific cod (Gadus macrocephalus) is distributed on or near the continental shelf in the northern North Pacific from the west coast of Korea to California. 1,2) Mutsu Bay is one of the spawning grounds of Pacific cod in Japan. From early December to mid February, adult cod migrate into the bay from the open sea,3) mainly from the Pacific Ocean off Hokkaido,4) and are harvested by bottom set nets and gill nets. From late December through January, the spawning of Pacific cod takes place in the mouth and inner parts of the bay. 3,5) The eggs of cod are 0.98-1.08 mm in diameter,6) and are demersal and adhesive. 2 ,7,8) The larvae hatch ten days after fertilization at 6.3-7.0°C, and newly hatched larvae are approximately 4 mm in length. 6 ) Copepod eggs, nauplii, and copepodites were found in the stomachs of Pacific cod larvae,9,1O) and various species of crustaceans, such as copepods and amphipods, were found in the stomachs of juveniles. 7 ,1l- 13) Food availability for fish larvae is believed to be one of the key factors controlling mortality and affecting the subsequent year-class strength. To assess food availability in the field, the species and size compositions of the larval prey must be determined. In this study, we examined changes in the food and feeding intensity of Pacific cod larvae and juveniles with increasing size in Mutsu Bay.
Materials and Methods

Field Samplings
Samplings were conducted on March 1-4, May 19-23, and July 22, 1989 and April 26 and June 13, 1990 in Mutsu Bay (Fig. 1) . In March and April, larval and juvenile Pacific cod were collected with a beam trawl nee 4 ,15) (2.0 x 2.5 m mouth, 20 mm mesh, and 0.33 mm cod-end mesh) in midwater. From May to July, cod juveniles were collected with a small otter trawl nee 4 ,15) (4.4 x 5.9 m mouth, 90 mm mesh, and 12 mm cod-end mesh) along the bottom. Both trawl nets were towed for 10-15 min at a speed of approximately 1.5 m/ sec. The depths of these nets were determined using a Net Monitor (Kaijo Corporation). Collections of samples were carried out by the R/V Ushio-maru (107.85 ton) in the daytime. On board, Pacific cod larvae and juveniles were immediately fixed in 5-10% buffered formalin in sea water, and after 24-36 hours, they were transferred into a 70% ethanol solution. The length shrinkage and weight loss of cod due to fixation and preservation were not taken into consideration in this study.
Identijication of Larval and Juvenile Gadids
Larvae and juveniles of Pacific cod and walleye pollock (Theragra chalcogramma) were found together in Mutsu Bay. 16) In the laboratory, larvae of two species :;;;,20 mm in standard length (SL) were distinguished by examining the pigmentation patterns. [17] [18] [19] In cod larvae > 20 mm SL, small melanophore spots occurred in two rows along the 'lcntrat surfclce of the guL 19 ) These two rows to single row in cod> 28.10 mm 8L in Mutsu Bay (Fig. 2B-C) . Walleye larvae> 20 mm SL had few rnelano· phores scattered on the ventral surface of the gut, and melan8phores never formed in a row (Fig. 2F--I) . Walleye pollock> 32.60 mm SL lost these melanophmes (Fig. 2J) .
Pacific cod of 21.40 mm SL had a chin barbel 0.32 mm long, and 23.54 mm SL cod had a 0.35 mm chin barbe.! ( Fig. 2A) . Walleye pollock of 34.70 mm SL had a 0.15 mm chin b;ubel (Fig. 21 ), but "Inaner had no barbel ( Fig. 2F-I ).
The upper jaw of Pacific cod > 47 mm SL slightly pwtruded beyond the lower jaw, while the upper jaw of pollock never extended beyond the lower from larval to adult stages.
From these facts, Pacific cod and walleye 20-22 mm SL were distinguished using the pigmentation patterns on the ventral surface of the gut. For individuals> 22 mnn SL, the two gadid species were identified by the length of Metridia ]\I IV -N VI were found! guts. Although the various of nauplii were eaten larvae ::o:5.00mm TL, Pseudocalanus N rV-N VI and Oithona were mainly taken larvae > 5.00 mm TL. As shown in Fig. 4 , the prey widths for cod larvae ::::; 5.00 mm TL ranged from 67.5 ,urn N II and Paraca/anus N III) to 129,um N IV). Pseudocalanus N IV-N VI were larger than other nauplii (67. 5-116 11m) in the larval guts. The maximum width eaten a cod of 5.30 mm TL, 7.07 mm 
Diet oj Pacijic Cod Larvae and Juveniles to June
Pacific cod larvae and juveniles from to June fed on calanoid copepods, and the principal prey species differed from month to month ( 
Feeding Intensity of Pacific Cod Larvae and Juveniles
Feeding intensities among samples were compared by the mean values (±S.D.) of S.c.I. (Table 3) . High values were found in the samples at Stn. 33 in April (2.9 ± 1.34) and at Stn. 13 in May (3.2± 1.18), but the samples at Stn. 38 in May and at Stn. 9" in July showed low values (1.0±0.53 and 0.6±0.72, respectively).
Discussion
It is well known that many species of marine fish begin to feed as yolk-sac larvae. Last 32 ) showed that 28% of stomachs from Atlantic cod (Gadus morhua) between 3.0-3.9 mm in length, mainly in the yolk-sac stage, contained food. In this study, no food occurred in the yolk-sac larvae of Pacific cod. Yoseda et al.lO ) noted that six postlarval Pacific cod (3.79-4.77 mm TL) had fed mainly on copepod nauplii near the coast of Noto-shima in the Japan Sea. In this study, post-larvae :57 mm TL fed chiefly on copepod nauplii (Fig. 3) . Pseudocalanus N IV-N VI were large-sized prey (Fig. 4) and the most frequently occurring copepod nauplii (Table 2 ). In contrast, no Metridia N IV-N VI were found in larval guts. Larvae > 7 mm TL 
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)K Evadne nordmanni changed their main food from copepod nauplii to Pseudocalanus spp. copepodites and adults (Fig. 3) . In March, the density of Pseudocalanus spp. increased at the bay mouth, and in April, Pseudocalanus spp. were widely distributed in Mutsu Bay. 16 ) Over a size range from nauplii to adults, Pseudocalanus spp. were important food for Because crustacean eggs were mainly eaten by cod > 11 mm TL and co-occurred with adult Pseudocalanus and Oithona spp. in the larval stomachs (Fig. 3) , most of crustacean eggs would be taken with adult copepods. Judging from the fact that crustacean eggs are small (Fig. 4) and are potentially indigestible, [33] [34] [35] it is inferred that the role of crustacean eggs is subsidiary as a food source for Pacific cod larvae. Uchida?) noted that Pacific cod larvae and juveniles fed mainly on copepods, juveniles > 30 mm TL fed on amphipods and fish larvae, and juveniles 70-90 mm TL swallowed small crabs, small shrimp, small squid, polychaetes, and small fish in adjacent waters of Korea. Takeuchi 12 ) showed that Pacific cod juveniles 29.3-74.0 mm SL obtained near the coast of Hokkaido, Japan, fed on copepods, especially Paracalanus and Pseudocalanus spp., as their main food. Takeuchi also noted that the subsidiary food organisms of cod juveniles were larval crustacean decapods, gammarid amphipods, larval gastropods, and oikopleurids. Hashimoto and Abe13) reported that cod juveniles 27-81 mm TL fed on calanoid copepods, mainly Pseudocalanus and Calanus spp., as their main food source and planktonic amphipods as a subsidiary food. As in Table 3 , the main food organisms for cod larvae and juveniles were calanoid copepods in Mutsu Bay from April to June. There were geographic differences in the kind of subsidiary food, but the main food of Pacific cod juveniles < 70 mm TL was consistently calanoid copepods. Cod juveniles were distributed on the bottom in Mutsu Bay after late May (unpublished data). Benthic foods such as gammarids and fish were scarcely found in cod juveniles until July. This indicates that cod juveniles cannot change their food immediately after migrating to the sea bottom. An individual gastropod, natant zoea, and reptant megaiopa are approximately equivalent in weight to 1.3, 3.9, and 29 calanoid copepods, respectively (Table 4) . So, these large-sized food organisms play an important role as alternative prey for cod juveniles as they change their main food organisms from calanoid copepods to gammarid amphipods and fish.
Because the feeding intensity of Pacific cod declined in July (Mean S.c.!. =0.6, Table 3 ), it appears the abundance of food in July is not enough for Pacific cod juveniles. Ishiwata 36 ) showed that the satiation ratio (satiation amount in stomach/body weight) declined with increasing body weight. To assess the food availability, it is necessary to clarify the change in capacity of the stomach fullness and the density of prey items in Mutsu Bay.
